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1 Introduction
Technological change is known as a key driver
of economic growth and prosperity (Schumpeter,
1947; Abernathy and Utterback, 1978; Kondratieff,
1979). From the first steam engine to the latest
developments in nano- and biotechnology, com-
panies have constantly benefited from and pro-
actively promoted the development of new tech-
nologies and scientific research. A special pheno-
menon of technological change is known as indus-
try convergence. Traditionally, it has been associated
with the fading of industry boundaries between
information technologies, consumer electronics
and telecommunication (ICT) (Duysters and Hage-
dorn, 1998; Pennings and Puranam, 2001). Recent-
ly, convergence has also been observed in other
industries, e.g. the chemical, pharmaceutical, and
food industry (Bröring et al., 2006; Curran and Leker,
2009a). When hitherto distinct industries conver-
ge, the emergence of technological innovations at
the borderline of these industries brings up new
applications and combinations, resulting in a situa-
tion where “established paradigms will be repla-
ced by new ones […] and thereby disrupt and sub-
stitute rules of conducting business” (Hacklin et al.,
2009, p. 723). Firms facing such a situation, thus
have to adapt to new knowledge bases and new
technologies which do not belong to their former
core competences or their traditional expertise
(Curran and Leker, 2011). Scholars reason that this
assimilation of knowledge and technology is a key
factor for successful innovation management in
converging industries (Bierly and Chakrabarti, 2001).
Hence, the anticipation of convergence plays an
important role for management decisions, like new
business development, mergers and acquisitions,
or strategic research and development (R&D) part-
nerships. But how can firms anticipate the blurring
of industry boundaries and, thus know if they should
take a look outside their industry? And what con-
sequences do blurring industry boundaries have
for firm’s strategic and innovation management?
Taking the current trend of battery electric vehi-
cles as an example, I used a bibliometric analysis
of patents and scientific publication as an indica-
tor for a beginning convergence process between
the automotive industry, producing electric vehi-
cles, and the chemical industry, producing batte-
ries and battery components for those vehicles.
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Based on this quantitative analysis, I deduce basic
implications for strategic and innovation manage-
ment in the field of electric vehicles. Recent exam-
ples from the automotive and chemical industry
are used to support the concept of this study.
The remainder of this paper is organized as fol-
lows. In the next two sections the ongoing debate
on battery electric vehicles and theoretical deve-
lopments relating to industry convergence are sum-
marized. Section 4 explains the methodology applied
in research; and section 5 presents the results of
the analysis. The paper concludes with a discussi-
on of the findings and future research opportuni-
ties. 
2 Electric mobility 
The automotive industry has a long-standing
history and denotes one of the most important pil-
lars of our economy. However, global trends, such
as emerging markets, increasing political regulati-
on, climate change and increasing oil prices have
forced automotive companies to combine their tra-
ditional businesses with innovative ways of ener-
gy supply (Drapcho et al., 2008; Nag, 2008; Booz &
Company, 2009; Deutsche Bank, 2009). The result
is an increasing degree of electrification in the auto-
motive industry called electric mobility1 and cap-
tured by the catchphrase “e-mobility”. Some scho-
lars focus on the electric engine of a vehicle and
the electric energy source when they refer to elect-
ric mobility (Möller, 2010), while others like the IEA
(2009), Canzler and Knie (2010) and Karg and Rein-
hardt (2010) have a broader understanding of elect-
ric mobility. Instead of solely focusing on the change
from internal combustion to electric power supply,
they define electric mobility as a new traffic sys-
tem, with new infrastructure, so called “smart”
electric grids, as well as new business models. Others
again, like Schill (2010) argue that there is no clear
definition of electric mobility. In this work, I focus
on battery electric vehicles. The importance of the
vehicle-grid-connection and the potential impact
of other electric vehicles types, e.g. fuel cell elect-
ric vehicles, should thereby not be reduced. 
The electrification of the powertrain is conside-
red to be one of the most fundamental technolo-
gical changes for the automotive industry. The con-
sulting company McKinsey for example observes
a “dramatic shift in the value chain, affecting mar-
ket fundamentals and required competences”
(McKinsey, 2011, p. 9), while Boston Consulting iden-
tifies the emergence of new business models, e.g.
business models that are built around leasing con-
cepts (BCG, 2010). Roland Berger concludes that
new players will appear along the value chain, inten-
sifying competition, and reshaping the business
landscape (Roland Berger, 2009). This reshape of
the entire automobile value chain is estimated to
include skill shifts from mechanics to battery che-
mistry and electronics (McKinsey, 2011), as well as
an intensified competition (McKinsey, 2009). This
transition calls for the development of a new
knowledge base which can only be achieved through
strategic partnerships and innovation alliances
(Capgemini, 2009), as the required competences,
e.g. in battery chemistry, would “overburden the
R&D departments of a single carmaker” (McKin-
sey, 2011, p. 14) in terms of fundamental research
and financial risks. While consulting companies
have been very active in this field, it is remarkably
that academia has neglected many managerial
aspects of the ongoing debate on electric mobili-
ty. 
Besides a few exceptions (Mikkola, 2001; Pohl
and Yarime, 2012) scientific studies have so far focu-
sed on life-cycle costs of electric vehicles (Werber
et al., 2009), the dynamics of the interdependen-
cies between car manufacturers and consumers
(van Bree et al., 2010; Zhang et al., 2011), or the pos-
sible penetration of electric vehicles in specific coun-
tries (Weinert et al., 2008; Duke et al., 2009). Based
on a patent and publication analysis, I will address
this gap and discuss several management challen-
ges, as well as possible strategies to respond to the
electrification of the automotive powertrain. To
better understand those challenges, I will first give
a brief overview of the value chain of battery elect-
ric vehicles.
All types of battery electric vehicles use a more
or less powerful battery for energy storage, whe-
reby the lithium technology, e.g. lithium-ion- or
lithium-air-battery, is a promising candidate (Win-
ter and Besenhard, 1999; Thielmann et al., 2010).
This technology is therefore used in the analysis.
The simplified value chain of electric vehicles, shown
in figure 1, is compared to the traditional automo-
tive powertrain value chain characterized by a sig-
nificant “chemical part” . 
The design of lithium batteries for electric vehi-
cles requires advanced chemical know-how, e.g. in
chemical engineering and physical chemistry, becau-
se all components are specifically designed for
usage in electric vehicles. Therefore, tier-3 and tier-
2 firms (raw materials and cell components) are
basically chemical companies. Automotive sup-
pliers are positioned on tier-1 (battery
integration/assembly) or tier-2 level (electronics
for batteries). However, cell electronics must meet
the specific requirements of the battery design,
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1)   Sometimes also framed “electromobility“.
which implies a strong connection between auto-
motive suppliers and chemical companies at this
level. Since the battery is one of the core elements
of national e-mobility strategies, the improvement
of the battery in terms of chemical performance
and costs is considered to be a critical factor (Blesl
et al., 2009). Battery costs are estimated to decli-
ne with increasing production numbers (econo-
mies of scale) (Becks et al., 2010), yet the absolute
cost reduction remains unclear, underlining the
uncertainty in this field. National governments
have therefore initiated several programs to redu-
ce this uncertainty by supporting market penetra-
tion, R&D, as well as the formation of national plat-
forms of interaction between involved actors (auto-
motive and chemical firms, industry associations,
unions, universities & research institutions, politi-
cians, and others), e.g. the so called National Plat-
form Electromobility that has been formed by the
German government (German Federal Government,
2009). Hence, research and development on lithi-
um batteries for electric vehicles is in the focus of
practitioners as well as university scientists. Exam-
ples for this attention are newly public-founded
battery research programs like TUM CREATE, a joint
research program between the Technical Univer-
sity of Munich and Nanyang Technological Univer-
sity (TUM, 2013), industry joint ventures like Li-Tec
Battery by the automotive company Daimler and
the chemical company Evonik (Li-Tec, 2013), and
corporate spin-offs like Maxell Energy by Hitachi
Maxell (Hitachi Maxell, 2011). According to McKin-
sey, companies aim to achieve a first-mover-advan-
tage with those actions.
3 Industry convergence
3.1 Definition and drivers
Several definitions of the term “convergence”
exist. However, a clear ex ante definition of “con-
vergence” and a conceptual delineation from the
term “industry convergence” has started only in
the late 1990s. Scholars argue that due to this late
clarification, convergence has rather become a buzz-
word, especially in ICT, than a scientific term (Lind,
2004; Curran and Leker, 2011).
Rosenberg was one of the first who used the
term convergence to describe technological changes
between machinery and metal-using sectors (Rosen-
berg, 1963). A well-known definition was later given
by the OECD defining convergence as “the blurring
of technical and regulatory boundaries between
sectors of the economy” (OECD, 1992, p. 13). Follo-
wing this definition, Choi and Välikangas describe
convergence as the blurring of “boundaries bet-
ween industries by converging value propositions,
technologies, and markets” (Choi and Välikangas,
2001), while Pennings and Puranam define conver-
gence as “the erosion of boundaries that define
and isolate industry-specific knowledge” (Pennings
and Puranam, 2001, p. 3). These definitions do not
clearly distinguish between convergence in gene-
ral and industry convergence in specific. In this
study convergence is therefore defined as a gene-
ric term for a process characterized by blurring boun-
daries between objects. In the case of industry con-
vergence, objects are industries (in figure 2 over-
lapping circles are used to illustrate this phenome-
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Figure 1 Simplified value chain of lithium-ion-battery electric vehicles.
Battery Recycling
Raw Materials Cell Components Battery System Vehicle
Cathode materials
(lithium-, cobalt-, man-
ganese-, nickel-com-
pounds)
Anode materials
(natural graphite)
Electrolyte com-
pounds (organic sol-
vents, lithiumsalts)
...
Cathode
Anode
Electrolyte
Seperator
Other cell com-
pounds
...
Cell ! Battery
Battery-Manage-
ment-System
(BMS)
Battery integration
Connection
BMS/vehicle soft-
ware
Charging system
(cabel, induction,
switch systems)
...
non). Other loci of convergence can be scientific
disciplines, technologies or markets. Distinguishing
between these different levels of convergence
implies to view convergence as a process, rather
than as a single event.
Before I will give a more detailed description of
this process-view, I will briefly describe what trig-
gers and drivers of convergence have been identi-
fied in the literature.
Similar to the drivers of electric mobility, socioe-
conomic factors, e.g. demographic change, new cus-
tomer value propositions and globalization, have
been mentioned as drivers of convergence (Choi
and Välikangas, 2001; Hacklin, 2008; Nyström, 2008).
Furthermore political factors, like regulation and
liberalization, as well as technological factors, like
digitalization and the growing importance of the
internet in case of ICT, are known as drivers of the
convergence process (Katz, 1996; Theilen, 2004; Brö-
ring, 2005). Scholars also highlight the role of
management decisions as individual business
actions, framed “managerial creativity” (Yoffie, 1997,
p. 9) or evolutionary “business thinking” (Katz, 1996,
p. 1083) resulting in new business models, may ini-
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Figure 2 Illustration of the phenomenon of industry convergence at two points in time, adapted from: Curran and Leker 
(2011), p. 258.
Figure 3 Drivers of convergence.
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tiate the convergence of markets or industries.
Introducing the iPhone with its new design and
functionality, and the combination to the establis-
hed iPod/iTunes business model, is an example for
how new products in combination with attractive
business models can drive convergence (Johnson
et al., 2008; Curran and Leker, 2009b). Figure 3 gives
an overview of drivers of convergence.
3.2 Convergence as a process
The process-based view of convergence was
first introduced by Hacklin. Based on several case
studies, he uses an “evolutionary and sequential
perspective” to divide the process of convergence
into four steps: (1) knowledge convergence, descri-
bed as a spill-over between industrial knowledge
bases that were previously unassociated, (2) tech-
nological convergence, i.e. the transition of conver-
ged industrial knowledge into industrial techno-
logies, (3) applicational convergence, a phase where
“opportunities for new value creation” emerge, and
(4) industrial convergence, described as a situati-
on of cross-industrial competition and “collision of
business models” (Hacklin, 2008). The erosion of
industry specific knowledge in phase (1) is charac-
terized as an “autonomous and serendipitous”
external effect for firms. However, this does not
mean that firms have no options to response to
knowledge convergence: the formation of cross-
organizational and multidisciplinary teams is for
example a way to respond to the blurring of
knowledge boundaries. If this blurring leads to new
technologies, the level of technology convergence
has been reached. New ways of value creation are
formed if these new technologies can be applied
to solve customer problems that have previously
been unsolved, or if they solve existing problems
in a better way. Management decisions in this phase
of applicational convergence can be seen as the
foundation pillars of economic success in the futu-
re, because new technologies have to be integra-
ted and existing competences have to be exten-
ded. This development can finally result in a new
competitive environment, since a new industry
structure with new rules of doing business, e.g.
new distribution channels, occurs. While Hacklin’s
view offers new insights, the focus on firms and
industries in the phases of knowledge and techno-
logical convergence excludes developments out-
side industry, e.g. in academia. Furthermore the dif-
ference of industrial knowledge and industrial tech-
nology remains unclear. Therefore, a broader defi-
nition of knowledge and technology has been
introduced by Curran (2010). Because convergen-
ce has mainly been observed and associated with
knowledge- and technology-intensive industries,
he argues, that convergence can first be observed
in the blurring of the boundaries between diffe-
rent scientific disciplines, therefore called science
convergence. This “coming together” of hitherto
distinct scientific disciplines can be seen in inter-
disciplinary research collaborations. For instance,
chemists, physicist, and engineers work jointly toget-
her at the Helmholtz Institute Ulm for electroche-
mical energy storage or the Münster Electroche-
mical Energy Technology battery research center
(MEET, 2009; HUI, 2011). Following the innovation
value chain, areas of basic research converge first,
followed by applied and industrial research. The
converging of science areas may then result in new
technologies, which can be turned into new pro-
duct-market combinations using new business
models (market convergence). If entire industries
or industry segments converge the stage of indus-
try convergence has been reached.
In this paper, Curran’s approach is applied. At
this point, it is important to understand that the
described process of convergence (1. science con-
vergence, 2. technology convergence, 3. market con-
vergence, 4. industry convergence) is not necessa-
rily linear; it is more a simplified and idealized time
series of events (see figure 4).
Curran’s model of the convergence process
explains many of the effects that can be observed
in convergence, e.g. forming of new knowledge
bases or new product-market combinations, but it
does not describe how the change of industry boun-
daries is taking place at the industry-level. Such
models of change are not new (e.g. Anderson and
Tushman, 1990), but Hacklin et al. (2009) were the
first who adapted such a model to explain the pro-
cess of convergence as an idealized sequence of
events at the industry-level. Hacklin (2008) origi-
nally introduced a cyclic model of convergence,
however, for this study a simplified linear model
will be used to illustrate the managerial challen-
ges during industry convergence2. As illustrated in
figure 5 the linear model consist of four sequenti-
al phases: (I) initialization, (II) diffusion, (III) conso-
lidation, and (IV) maturation.
In the initial state, different vertical integrated
industries (or industry segments) undergo structu-
ral changes, e.g. driven by new technologies or new
regulations, independently. Industries may react
differently to external influences, e.g. by forming
intra-industrial collaborations or research partner-
ships with academia. For instance, the German car
manufacturer Audi, the Chinese car manufacturer
FAW, and the Tongji University have established a
2)   Based on previous work with practitioners and the discussion with researchers, adjusting Hacklin’s cyclic model to a more simplified, linear model proves to be suitable for
the context of this study.
joint-lab for electric mobility in Shanghai (Tongji
University, 2010). According to Audi chairman Rupert
Stadler, the company co-founded this lab because
“China is an important driver for electromobility.
That is why we are investing locally…” (CER, 2010).
The next stage is characterized by inter-industrial
transitions, diffusing industrial boundaries. Estab-
lished firms start to diversify horizontally or spe-
cialize vertically, while new firms enter the market
and start to compete with incumbents. The previo-
usly unconnected industries “move closer toget-
her”. Joint ventures between companies from the
previously distinct industries can be observed during
this diffusion. In 2009, the Deutsche ACCUmotive
was for example formed as a joint venture between
the car manufacturer Daimler and the chemical
company Evonik Industries to develop and produ-
ce battery systems for electric vehicles (Deutsche
ACCUmotive, 2013). The situation of intensified com-
petition as well as inter-industry collaboration then
results in a phase of consolidation where mergers
and acquisitions take place or firms may be pha-
sed out of the market, i.e. they undergo a reorien-
tation to other markets (or segments) or they went
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Figure 5 Linear model of convergence (partly adapdet from Hacklin’s (2008) cyclic model).
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bankrupt. The chemical company BASF has for
instance acquired an equity ownership position for
$50 million in the US battery company SION Power
and acquired the US company Ovonic Battery for
$58 million (BASF, 2012a; BASF, 2012b). According to
Frank Bozich, President of BASF’s global catalysts
division, the acquisition aims to support BASF’s
strategy to become the “leading provider of functio-
nal materials and components to serve cell and
battery manufacturers worldwide” (BASF, 2012a).
Another example reflecting this phase is this year’s
acquisition of all non-government business assets
of the financially stricken US battery company A123
Systems by Wanxiang America Corp. (A123, 2013).
Previously, Johnson Controls acquired A123’s auto-
motive business assets, including all of its automo-
tive technology, products, and customer contracts
in a transaction valued at $125 million (A123, 2012).
After the phase of consolidation, in phase IV, a new
industry structure (or industry segment structure)
emerges and the convergence process is comple-
ted.
3.3 Anticipation of convergence
Market and industrial change is considered to
be a key source of innovation (Drucker, 1998). Hence,
it is especially relevant for incumbent firms to moni-
tor a potential convergence process in their indus-
try and prepare as early as possible for such a radi-
cal change of their environment. However, accor-
ding to Cohen and Levinthal (1990) and Trott (1998),
only a few firms are able to scan their environment.
It is therefore useful to provide the management
of firms with a “scanning-tool” that allows firms
to anticipate a possible convergence process in
their industry. Such an anticipation method for sci-
ence and technology convergence has been deve-
loped by Curran et al. (2010) on the basis of publi-
cly available data. As mentioned in the previous
section, science convergence can be observed by
means of interdisciplinary research collaborations.
When researchers from different science areas col-
laborate, research results are jointly published in
scientific journals. Co-citations and co-authorships
can indicate science convergence, as researchers
conduct research interdisciplinary and start to cite
publications from other science disciplines. When
the process of convergence proceeds, signs of tech-
nology convergence have to be examined. Patents
have a stronger technological focus than other
publications and are considered to be a key com-
petitive advantage in technology intense indus-
tries (Hall, 1993; Newbert, 2008). When technolo-
gy-areas converge and new technology-bases emer-
ge, firms start to patent outside their traditional
expertise. Therefore the analysis of patent-activi-
ties outside the knowledge-base of a firm, co-aut-
horships and co-classifications (international patent
classifications for example) are a suitable way to
identify signs of technology convergence.
4 Methods
To detect signs of a beginning convergence pro-
cess between the automotive and the chemical
industry in the field of electric cars, a bibliometric
search-term-based-analysis of scientific publicati-
ons and patents was used in this study. “Lithium-
ion battery/batteries” (covering existing lithium
battery technologies), and “lithium battery/batte-
ries” (covering future lithium-based technologies,
like lithium-air- or lithium-sulfur-batteries) were
used as search terms in SciFinder® and PatBase®
in the period from 1990 to 2009. SciFinder® is a
web-program provided by the Chemical Abstract
Service (CAS) that has access to more than 33 mil-
lion scientific publications in over 10,000 journals,
and patent documents from 63 patent authorities.
For providing a high quality of analysis, only revie-
wed journal articles were analyzed; excluding let-
ters, commentaries, and reports. Because SciFin-
der® is not designed for extensive statistical patent-
analysis3, a program designated for patent analy-
sis was additionally used. PatBase® is a
patent-analysis-tool provided by Minesoft Ltd and
RWS Group that has access to more than 45 milli-
on patent-families from 95 patent authorities.
Patent families are “a group of patents which, like
a family, are all related to each other, in this case
by way of the priority or priorities of a particular
patent” (EPO, 2011).
For the analysis, two industry-samples were for-
med: The first sample (‘A-sample’) includes the 25
largest automotive manufacturing firms (based on
the number of produced cars in 2008), as well as
the 25 largest automotive suppliers (based on the
worldwide revenue of 2008). It is assumed that
those 50 companies can play a leading role in the
future car market. The chemical industry sample
(‘C-sample’) includes 70 companies that have been
identified by Lowe et al. (2010) to be the most acti-
ve companies in the field of lithium batteries for
electric cars; starting with raw material suppliers
and ending with major battery cell producers. An
overview of the firms can be found in appendix 1.
5 Results
5.1 SciFinder®
The first published scientific articles and patent-
3)   SciFinder® includes granted patents as well as patent applications that only be analyzed together as so called patent documents.
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Figure 6 Development of scientific articles and patent documents on lithium batteries in the period of 1990-2009.
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documents covering the topic of lithium batteries
can be tracked back to the year 1965. Since the early
1990s, one can observe a substantial increase in
the publication, as well as patenting activity. After
removing duplicate entries, the search in SciFin-
der® resulted in 21,451 scientific articles and 28,940
patent documents in the period from 1990 to 2009.
As expected, the field of scientific publications
is dominated by universities and research institu-
tions. Firms from the A-sample published 224 arti-
cles between 1990 and 2009, i.e. 1.04% of all scien-
tific publications on lithium batteries in this period.
All firms from the A-sample together have fewer
publications in 20 years than the Central South
University of China – the organization with the hig-
hest number of publications in the analysis – in 4
years. Within the sample, car manufacturers, espe-
cially Mitsubishi and Toyota, publish more (151 arti-
cles) than the automotive suppliers (73 articles).
Table 1 shows the most active firms from the A-
sample. Sample-firms published almost only in che-
mistry journals, e.g. Journal of Power Sources, whe-
reas only 5% of the articles are published in auto-
motive journals, e.g. Journal of the Society of Auto-
motive Engineers of Japan (see appendix 2 for a list
of journals).
The 70 firms of the C-sample published 628
scientific articles in the period from 1990 to 2009,
resulting in a share of 2.93% of all scientific publi-
cations on lithium batteries in this period. Howe-
ver, 36 firms of the C-sample have not published
any articles. The highest number of publications
are mainly assigned to companies from Asia, like
Panasonic or Samsung, only two US-companies
(Yardney, Valence Technology) and one EU-compa-
ny (Saft - Société des Accumulateurs Fixes et de
Traction) are part of the top 10 (see table 2). The
three firms with the highest number of research
articles primarily publish in chemistry journals (83%)
and belong to the tier-1-level (battery, battery-sys-
tem).
The number of filed patents is, compared to
scientific articles, preferably used to determine the
commercialization activities in one field. Within
the 50 organizations that filed most lithium bat-
tery patent documents between 2006 and 2009
are 41 companies and only 4 research institutions
(Central South University, Fudan University, Tsing-
hua University, Korea Electro Technology Research
Institute). Not one university appears among the
top patent applicants before the year 2000. 
Furthermore the analysis in SciFinder® shows
that firms from the automotive industry have
increased their patent activities in the field of lithi-
um batteries over the past 20 years. Between 1990
and 2000, only two automotive firms are among
the top-50 patent applicants, whereas nine auto-
motive firms show high activity from 2006 to 2009.
48% of all patent documents on lithium batteries
in the period from 1990 to 2009 belong to the 120
Chemical companies
Company No. of scientific publications Company
No. of scientific 
publications
Saft 84 Valence Technology 46
Panasonic 82 Toshiba 34
Samsung 80 Osaka Gas Chemical 33
Yardney 58 Asahi Kasei 24
Sanyo Electric 53 LG Chem 24
Others 110
Total No. of publicati-
ons 628
Share on all publicati-
ons in % 2.93
Table 3 Patent documents filed by A-sample firms between 1990 and 2009 (most active firms).
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Automotive manufacturers Automotive suppliers
Company No. of patent docu-ments Company
No. of patents docu-
ments
Mitsubishi 1,310 Hitachi 1,218
Toyota 716 Sumitomo 595
Nissan 331 Denso 192
Fuji (Subaru) 53 Bridgestone 114
Honda 45 Delphi 15
... ... ... ...
Others 40 Others 33
Total No. of patent
documents 2,493 2,167
Share on all 
patent documents
in %
8.61 7.49
Chemical companies
Company No. of patent documents Company
No. of patent 
documents
Panasonic 2,495 Mitsui Group 407
Sanyo Electric 1,581 BYD 320
Samsung 1,443 Ube Industries 209
Toshiba 874 Toray Industries 142
LG Chem 485 Valence Technology 142
Others 1,196
Total No. of patent
documents 9,294
Share on all patent
documents in % 32.11
Table 4 Patent documents filed by C-sample firms between 1990 and 2009 (most active firms).
firms from the A- (16%) and C-sample (32%), indi-
cating a high activity in patenting on battery tech-
nologies in contrast to the low share of scientific
articles.
As can be seen in table 3, automotive manu-
facturers from Japan, like Mitsubishi, Toyota and
Nissan, have a very strong position in respect to
the number of filed patents on lithium battery-
technologies. Other manufacturers have less than
10 or no patent documents on lithium batteries. A
similar situation can be observed on the side of
automotive suppliers where a few firms from Japan
have top positions in the ranking. 
Firms from the C-sample hold 9,294 patents.
Among the 20 most active companies of the C-
sample are 13 from Asia (Panasonic, Sanyo Electric,
Samsung, Toshiba, and LG Chem). Valence Techno-
logies, 3M, and A123 are the firms from the US, while
Saft, BASF, and Evonik Industries are the European
firms with the highest number of patent docu-
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Figure 7 Number of patent documents on lithium batteries in the period of 1990-2009 by C-sample-firms divided by
home country of the company
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Figure 8 Number of patent families on lithium batteries in the period of 1990-2009 by sample-firms, source.
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ments. Table 4 and figure 7 show the results of the
C-sample-analysis.
5.2 PatBase® 
The analysis in PatBase® in the period from 1990
to 2009 results in 4,789 patent families on lithium
battery technologies. Within the 50 organizations
with the highest number of patent families are 47
companies and only 3 research institutions (Fudan
University (P.R. China), Institute of Physics of the
Chinese Academy of Science (P.R. China), and the
Centre National de la Recherche Scientifique
(France)).
Firms from the two industry-samples have a
share of 30% (1,316) on all patent families on lithi-
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Table 5 Patent families by A-sample firms between 1990 and 2009 (most active firms).
Automotive manufacturers Automotive suppliers
Company No. of patent families Company No. of patent families
Toyota 71 Sumitomo Group 102
Mitsubishi 55 Hitachi 54
Nissan 43 Delphi 19
General Motors 16 Bosch 14
Chrysler 15 Denso 14
... ... ... ...
Others 40 Others 15
Total No. of patent
families 240 218
Share on all 
patent families in % 5.01 4.55
Japan South
Korea
USA Germany France
0
350
60
50
40
30
20
10
No
. o
f p
at
en
ts 
fa
m
ilie
s
360
4 2
5153
70
Figure 9 Number of patent families on lithium batteries from A-sample firms in the period of 1990-2009 divided by  
country.
um battery technologies. Within the A-sample,
automotive manufacturers hold 240 patent fami-
lies (5.01%) and automotive suppliers 218 (4.55%).
The analysis of the C-sample results in 903 patent
families, which corresponds to a share on all patent
families of 18.86%. As can be seen in figure 8,  firms
from the A-, as well as from the C-sample have
increased their patenting activity between 1990
and 2009.
Within the A-sample, Honda and Nissan are the
car manufacturers with the highest number of
patent families, while Sumitomo and Hitachi, as
well as the US-company Delphi hold a main share
of patent families assigned to automotive sup-
pliers. Table 5 shows the most active firms and figu-
re 9 a cross-country comparison.
The analysis of the C-sample in PatBase® shows
– in line with the results from the analysis in Sci-
Finder® – that firms from Asia hold the highest
number of patent families on lithium battery tech-
nologies. But, compared to the results in SciFinder®,
Chinese companies are more active than Japane-
se companies. Table 6 shows a list of the firms with
the highest number of patent families on lithium
battery technologies.
6 Discussion
The analysis in SciFinder® shows a substantial
increase in the number of publications and patent
documents over the last 15 years, confirming the
increasing attention of firms and research institu-
tions on lithium battery technologies. Additional-
ly, the number of patent documents per year is con-
stantly higher than the number of scientific publi-
cations per year, indicating a strong tendency to
commercialize lithium battery technologies.
As expected, public research institutions domi-
nate regarding the number of scientific publicati-
ons. Research organizations from China take a nota-
bly leading position in the number of scientific arti-
cles, which underlines the importance of emerging
markets as mentioned in section 2. Although from
this quantitative leading position one cannot per
se deduce on qualitative knowledge leadership, the
‘national distribution’ of knowledge and expertise
should, against the background of convergence,
not be underestimated. The results from the ana-
lysis of the A- and C-sample show that not only
chemical companies publish in chemistry journals,
automotive companies do so as well – an area that
does neither belong to their core competences nor
their traditional knowledge base. This might be a
first sign of convergence. However, the small num-
ber of discovered articles in the analysis reduces
the validity of this statement. The results of the
patent analysis in SciFinder® show an increasing
activity of automotive firms in patenting lithium
battery technologies, whereby only few large Japa-
nese conglomerates (keiretsu), e.g. Mitsubishi and
Sumitomo, are responsible for this trend. One should
note that those firms are not only automotive
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Table 6 Patent families by C-sample firms between 1990 and 2009 (most active firms).
Chemical companies
Company No. of patent families Company No. of patent families
Samsung 155 LG Chem 44
BYD 147 Valence Technology 29
Lishen Battery 145 3M 24
Panasonic 65 SBS 21
Sanyo Electric 64 Evonik Industries 17
Others 192
Total No. of patent
families 903
Share on all patent
families in % 18.86
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manufacturers or suppliers, but also have a chemi-
cal business like Mitsubishi Chemical in case of the
Mitsubishi Group. It was not possible to separate
between different business units of one company
in this analysis. However, one can assume that
patents from one business unit can relatively easy
be used in another belonging to the same compa-
ny. The mentioned assortment of different busi-
ness units in those conglomerates can be seen as
an advantage in the case of electric mobility as
more steps of the value chain are covered by one
entity.
In line with the results from SciFinder®, the ana-
lysis in PatBase® shows an increasing patent acti-
vity on lithium batteries from 1990 to 2009. Espe-
cially since 2006, automotive firms have substan-
tially increased their activities in this field. The ana-
lyzed firms start to adapt to a new technology base.
By moving to a new position, automotive firms also
start to compete with established battery produ-
cers from the chemical industry. An increasing
patent activity across traditional knowledge boun-
daries, like in the case of the analyzed sample firms,
characterizes the transition from science conver-
gence to technology convergence described by
Hacklin (2008), showing technology innovations,
protected by patents, become more and more impor-
tant.
The findings show that firms from the automo-
tive and chemical industry have started to increa-
se their publication and patent activities in the seg-
ment of battery electric vehicles significantly. Espe-
cially in the case of automotive firms, one can obser-
ve that they have started to develop a new
knowledge- and technology-base outside their tra-
ditional knowledge and technology boundaries.
Automotive firms act outside their vertical indus-
try boundaries. Using the described linear model
of convergence, this activity shows a beginning dif-
fusion of the vertical integrated value chains of the
automotive and chemical industry. On the one side
this evolution might bring up new entrants that
compete with existing firms and challenge their
position. And on the other side new collaborations,
especially for innovation, can be formed, and new
possibilities for value creation occur. The develop-
ment of new business models, involving horizon-
tal diversification between industry boundaries as
well as vertical specialization, can be part of the
transformation process, resulting in a period of con-
solidation, including mergers and acquisitions. 
The methodology applied here has some limi-
tations: (1) Search-word-based analyses have some
general limitations as selected search terms may
have been too broad to cover specific technology
developments, or they may not cover all relevant
documents, e.g. patents that only have been publis-
hed in Chinese or Japanese. However, more res-
trictive search terms might prevent the detection
of weak signs of convergence at early stages. Moreo-
ver, the choice of the database is also a critical factor
– for this study, a chemistry-related database (Sci-
Finder®) and not an engineering-related one was
used. (2) The formation of the two industry sam-
ples may not cover all relevant firms that are invol-
ved in the electrification of the automotive power-
train. For example small start-ups with an excel-
lent knowledge or technology base might have
been overlooked. (3) In the applied method only
quantitative data have been analyzed whereby the
quantitative number of publications or patents
allows no general conclusion on the quality of these
data. Additionally, there are reasons for a firm not
to protect certain technologies by patents (Ernst,
1996). 
Furthermore, it is important to mention that
the presented tool can only indicate signs of con-
vergence, but it cannot be used to forecast future
markets.4 Furthermore, even if, like in the case of
electric mobility, signs of convergence can be
detected and examples from practice can be asso-
ciated with one of the phases of the convergence
model, like in section 3.2, one cannot predict that
industry segments will finally converge. Thus, in
the context of this paper, there is no guarantee that
segments of the automotive and chemical indus-
try will really converge. It is only possible to show
that signs of science and technology convergence
exist, but it is not possible to forecast a future mar-
ket for electric vehicles or to be sure that these
industry segments will overlap at some point in
the future. Only an ex-post analysis can reveal the
whole convergence process; like Hacklin (2008) did
in case of the ICT-industry. The dilemma of seeing
industry convergence while only signs of science
and technology convergence are detected is some-
thing that can be framed the “convergence trap”.
Thus, companies should not trap into the percep-
tion that technology convergence leads automa-
tically to industry convergence. 
7 Implications
In this paper, a beginning convergence process
between the automotive and the chemical indus-
try in the segment of battery electric vehicles was
investigated. Findings show first signs of science
and technology convergence in this segment – firms
from the automotive industry have identified the
cross-sectoral application of battery technologies,
which points to a certain degree of fading boun-
daries between automotive and chemical indus-
4)   As Christensen et al. explain it: “markets that do not exist cannot be analyzed“ (2003: 5)
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try. Based on a linear model of convergence it is
possible to deduce basic managerial implications
for firm’s strategic and innovation management:
Established automotive firms must search for
opportunities to diversify horizontally, including
collaborations for innovation with battery and
cell producers, as well as possible ways to spe-
cialize vertically. This ambidextrous situation is
challenging (He and Wong, 2004; Kortmann,
2011; Bauer and Leker, 2013). On the one side,
firms have to focus on the exploitation of exis-
ting technologies and on the other side, firms
must openly explore completely new ways of
doing business, search for innovation partner-
ships outside their traditional expertise, and
substitute existing competences. Therefore one
can assume that innovation management beco-
mes a portfolio business.
Automotive and chemical firms from Asia, espe-
cially Japan, have a strong position with regard
to patents. Firms from the United States and
Europe must search for possible collaboration
partners not only on an inter-industry-level, but
also internationally. 
The development of non-linear thinking (Ste-
vens et al., 1999) during the innovation process
becomes more and more important. While exis-
ting industry boundaries blur, it becomes neces-
sary to foster thinking outside firm’s knowled-
ge base. Automotive firms must reorganize their
knowledge management, e.g. proactively sup-
port their engineering departments to collabo-
rate with battery experts from academia.
Business model innovations are part of the con-
vergence process. Therefore it becomes even
more important for incumbent firms to (conti-
nuously) re-think and reinvent their business
model if necessary (von Delft and Kortmann,
2013). For instance, BASF has adapted its organi-
zational structure in 2013 by reorganizing its
functional materials business segment. Part of
this segment is BASF’s new battery chemistry
unit. According to Kurt Bock, Chairman of BASF’s
Board of Executive Directors, in “the new organi-
zation, the bundling of product groups with the
same business model will help management to
better focus on the success factors necessary
to be a market leader both in meeting custo-
mer’s needs and in operational excellence.”
(BASF, 2012c). Understanding, working, and expe-
rimenting with a firm’s business model will be
essential for incumbent firms, especially in times
of market convergence.
The improvement of battery performance is still
a major challenge in the development of elect-
ric cars. In collaborative innovation platforms
of automotive and chemical firms, risk manage-
ment becomes more important, because the
technological uncertainty in the segment of
electric vehicles is still high, making abort deci-
sions in innovation projects more difficult.
Notwithstanding the findings of the analysis,
a closer look at a potential convergence of auto-
motive and chemical industry in the segment of
electric vehicles is necessary. Future research could
for example analyze co-authorships and co-classi-
fications of articles and patents in the segment of
electric vehicles, or analyze collaborations between
automotive and chemical firms in detail to confirm
the detected signs of convergence in this work. To
support the given implications and deduce further
management implications case studies, similar to
those applied in the development of Hacklin’s model
of convergence, could also contribute to this field
of future research. 
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Automotive manufacturers Automotive suppliers
Company name Country Company name Country
Avtovaz RU Aisin Seiki JP
Beijing Automotive CN Bosch DE
BMW DE Bridgestone JP
Chana Automobile CN Calsonic Kansei JP
Chrysler US Continental DE
Daimler DE Dana US
Dongfeng CN Delphi US
FAW CN Denso JP
Fiat IT Faurecia FR
Ford US Federal-Mogul US
Fuji (Subaru) JP Goodyear US
General Motors US Hitachi JP
Honda JP Johnson Controls US
Hyundai KS Lear US
Isuzu JP Magna CA
KIA Motors KS Magneti Marelli IT
Mazda JP Mahle DE
Mitsubishi JP Michelin FR
NIssan JP Schaeffler DE
PSA Peugeot Citroën FR Sumitomo JP
Renault FR Toyota Boshoku JP
Suzuki JP TRW Automotive US
Tata Motors IN Valeo FR
Toyota JP Yazaki JP
Volkswagen DE ZF Group DE
Appendix 1 Industry sample (BE=Belgium, CI=Chile, DE=Germany, FR=France, IN=India, IT=Italy, JP=Japan, KS=South
Korea, RU=Russia, US=USA).
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Chemical industry (including battery producers)
Company name Country Company name Country
3M US Nichia Corporation JP
A123 US Nihon Chemical JP
AC Propulsion US Nippon Chemical JP
All Cell Technologies US Novolyte Technologies US
Altair Nanotechnologies US Osaka Gas Chemical JP
Applied Materials US Panasonic JP
Arkema FR Panex KS
Asahi Kasei JP Polypore Industries (Celgard) US
BASF DE Pyrotek US
Boston Power US Quantum Technologies US
BYD - Build Your Dream CN Saft FR
Chemetall DE Samsung (Cheil Industries) KS
Coda Automotive US Sanyo Electric JP
ConocoPhillips US SBS - Storage Battery Systems US
Dow Kokam US Seimi Chemical JP
DuPont US Shan Shan CN
Ener1 (EnerDel) US Shinestar CN
Entek Membranes US SK Group KS
Evonik Industries DE Stella JP
FMC Lithium US SQM CI
Furukawa Electric JP Süd-Chemie (Phostech) DE
Future Fuel Corporation US Superior Graphite US
Gelon CN Tanaka Chemical JP
Honeywell US Tesla Motors US
Kansai Catalyst JP Toda Kogyo JP
Kansai Gas Kagaku JP Tomiyama Yakuhin JP
Kanto Denka JP Toray Industries JP
Kureha JP Toshiba JP
L&F KS Tronox US
LG Chem KS TSC Michigan US
Lishen CN Ube Industries JP
LitChem US Umicore BE
LTC US Valence Technology US
Maxpower US Yardney US
Mitsui Group JP Zeon JP
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Journal Number of articles
Journal of Power Sources 1,171
Journal of the Electrochemical Society 461
Electrochimica Acta 444
Dianyuan Jishu 273
Electrochemistry Communications 243
Solid State Ionics 204
ECS Transactions 192
Electrochemical and Solid State Letters 192
Dianchi 180
Proceedings of the Power Sources Conference 171
Chemistry of Materials 153
Dianchi Gongye 146
Journal of Alloys and Compounds 140
Journal of Physical Chemistry C 104
Journal of Solid State Electrochemistry 88
Ionics 83
Wuji Huaxue Xuebao 77
Journal of Materials Chemistry 71
Gongneng Cailiao 64
Materials Chemistry and Physics 60
... ...
Others 3,621
Total 8,138
Appendix 2 Scientific journals with the highest number of articles in the period from 1990 to 2009 (results of the
analysis in SciFinder).
